1. Introduction {#sec1}
===============

Blunt thoracic trauma (BTT) is a primary cause of morbidity, mortality, hospitalization, and disability in the United States and is the major contributing factor in over a quarter of all trauma-related deaths \[[@B1], [@B2]\]. BTT can result in a variety of cardiac injuries, ranging from minor cardiac contusion to the more severe pathology such as cardiac rupture, pericardial rupture, cardiac herniation, valvular injury, myocardial infarction, or arrhythmia \[[@B1]--[@B3]\]. BTT-associated mitral valve injury, pericardial rupture, and cardiac herniation are independently very rare clinical entities with high mortalities and have not been reported together in the literature. We discuss the protean nature of the presentation of pericardial rupture with cardiac herniation where the diagnosis is often made retrospectively and intraoperatively. We present the literature\'s first case of combined mitral papillary muscle avulsion, pericardial rupture, and cardiac herniation and propose findings that, in retrospect, may expedite diagnosis.

2. Case Report {#sec2}
==============

A 40-year-old female presented to the emergency department following a high-speed motor vehicle collision (MVC). Physical examination at the time of presentation to the emergency department revealed an alert and oriented patient with a pulse of 107 beats per minute, respirations of 30 per minute, blood pressure of 141/108 mmHg, and oxygen saturation of 92% on room air. The heart tones were of regular rhythm without murmurs, gallops, clicks, or rubs. There was no jugular venous distention or muffled heart tones. There was scattered wheezing noted bilaterally throughout the lung fields. Bruising was found on the left chest with significant tenderness to palpation but no crepitus or subcutaneous air. Pulses were palpable (2+) in all four extremities. Lacerations, bruising, and tenderness were found on various aspects of all four extremities. Motor control and sensation of extremities were grossly intact. EKG showed a normal sinus rhythm with no acute ST or T wave changes. Chest X-ray demonstrated mediastinal widening. Chest CT revealed left 2^nd^ through 7^th^ rib fractures anterolaterally, sternal fracture, mediastinal hematoma, a small left pneumothorax, grade III splenic laceration, and left pleural effusion. Transthoracic echocardiography was normal. Additional orthopedic injuries included a right intertrochanteric fracture, left pelvic acetabular fracture, and left talar neck fracture. Injuries are summarized in [Table 1](#tab1){ref-type="table"}.

Three days after the MVC, the patient developed significant and rapidly worsening shortness of breath and bilateral opacification of lung fields on chest X-ray consistent with acute cardiogenic pulmonary edema. Vitals signs showed oxygen saturations in the mid-90s on Bi-Pap with 50% FiO~2~, respirations of 18 times per minute, and systolic blood pressure in the 90s. On auscultation of the thorax, there was a new 3/6 holosystolic heart murmur heard best at the apex with crackles two-thirds of the way up the lung fields bilaterally.

A repeat CT scan showed bilateral, diffuse alveolar air space disease confirming the diagnosis of pulmonary edema. There was no evident injury to the aorta. A transesophageal echocardiograph (TEE) demonstrated a normal-sized left atrium, severe 4+ mitral regurgitation, avulsion of the anteromedial mitral papillary muscle, normal ventricular function, and no evidence of pericardial effusion ([Figure 1](#fig1){ref-type="fig"}).

The patient underwent cardiac catheterization which confirmed the diagnosis based on the TEE of avulsion of the anteromedial mitral papillary muscle, and an intra-aortic balloon pump was placed.

The patient then underwent urgent sternotomy and open heart surgery for mitral valve replacement. Findings included (1) a full-thickness rupture of the pericardium from cardiac apex to the left atrium with pronounced cardiac herniation to the left, (2) anterior mitral papillary muscle was avulsed and located in a markedly abnormal position riding up towards the mitral valve apparatus almost sitting at the level of the annulus, (3) a large septal hematoma, and (4) a mid-sternal fracture. A number 25 Hancock II porcine tissue prosthesis was placed, and the pericardial tear repaired. The patient tolerated this procedure well, had no complications postoperatively, and was discharged to a rehabilitation facility where recovery was uneventful.

3. Discussion {#sec3}
=============

Blunt thoracic trauma-induced mitral valve injury is exceedingly rare. In the classic pathologic study of blunt cardiac trauma, a series of 546 traumatic cardiac injuries found mitral valve injury in 0.01% of patients \[[@B4]\]. Due to the rarity of this clinical entity, there is little data on mortality following diagnosis and surgical repair. Pericardial rupture is more common, representing 0.3% of all multiple trauma \[[@B2]\], with mortality ranging from 30 to 64% in cases of pericardial rupture regardless of associated injuries \[[@B5], [@B6]\]. Cardiac herniation occurs in 0.4% of trauma and mortality ranges from 50% to 100% \[[@B2], [@B7]\]. The lethality of cardiac herniation is postulated to be caused by torsion and occlusion of the great vessels and is more common with leftward herniation of the heart \[[@B8]\].

As cardiac injury represents the most commonly unsuspected visceral injury responsible for death, it is critical to identify patients at risk for developing cardiac complications following BTT, especially the difficult to diagnose and often lethal pericardial rupture \[[@B9], [@B10]\]. Pericardial rupture and subsequent cardiac herniation frequently escape recognition because of their protean presentations. The failure of early diagnosis of these entities is due to the difficult detection of the subtle and evolving clinical, radiological, and electrocardiographic findings. The spectrum of signs and symptoms can vary greatly from subtle murmurs to fulminant cardiac decompensation or acute hemodynamic instability. These specific findings associated with pericardial rupture have been described previously, and our findings point to the diagnosis of pericardial rupture before it was discovered intraoperatively. The evolution of a harsh 3/6 holosystolic murmur that coincided with acute pulmonary edema caused the clinician to pursue the diagnosis of mitral papillary muscle avulsion and led to the intraoperative diagnosis of pericardial rupture and cardiac herniation \[[@B5], [@B10], [@B11]\]. The delay in this case is postulated to be due to the injury to the long penetrating arteries supplying the papillary muscles leading to ischemia and rupture \[[@B12], [@B13]\].

In addition, the diagnosis of such injuries can be significantly delayed secondary to the presence of other injuries. The diagnoses of these entities should be considered in BTT patients who have the following findings: hemodynamic instability, elevated jugular venous pressure, alternating heart tones, pulse, and blood pressures that change dramatically with body position shifts, characteristic murmur of mitral insufficiency, and water wheel or "bruit de moulin" like heart tones \[[@B5], [@B8], [@B10], [@B11], [@B14]--[@B16]\]. Although radiologic investigation is not sensitive, the literature indicates that certain findings on the chest X-ray, CT, and echocardiography are able to detect herniation \[[@B17]--[@B19]\]. Various radiological modalities, including contrast ultrasonography and CT have been proposed to be able to identify pericardial rupture, but no specific findings or algorithm has been described \[[@B9], [@B11], [@B20], [@B21]\]. We present this case as an example of the protean nature of BTT and three of its sequelae that are feared not only because of their high mortality but also difficult preoperative diagnoses. Fortunately, in this case, the mitral valve pathology prompted surgery that was able to discover and manage the pericardial rupture and cardiac herniation, two pathologies that almost certainly would have been lethal with further delay.

4. Conclusion {#sec4}
=============

Pericardial rupture with cardiac herniation and mitral papillary muscle avulsion is rare, but highly lethal. This case demonstrates the need for trauma surgeons to recognize the limitations of traditional diagnostic modalities and the importance of heightened vigilance for suspecting cardiac and pericardial injury following significant BTT. Pericardial rupture and valvular injury may occur in patients presenting with BTT, even in the absence of traditionally suggestive clinical, physical, and radiological findings.
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Patient injuries and mode of diagnosis.

  Injury                                                                Mode of diagnosis
  --------------------------------------------------------------------- ------------------------------
  Full thickness pericardial rupture from cardiac apex to left atrium   Sternotomy
  Cardiac herniation                                                    Sternotomy
  Mediastinal hematoma                                                  CT
  Avulsion of anteromedial mitral papillary muscle                      TTE, cardiac catheterization
  Septal hematoma                                                       Sternotomy
  Fractures                                                             CT, X-ray, physical exam
   (i) Left 2nd-7th ribs                                                
   (ii) Sternum                                                         
   (iii) Right humerus                                                  
   (iv) Right intertrochanteric                                         
   (v) Left pelvic acetabular                                           
   (vi) Left talar neck                                                 
  Grade III splenic laceration                                          CT
  Left pneumothorax, pleural effusion                                   CT
  Acute cardiogenic pulmonary edema 3 days s/p injury                   CXR, CT

[^1]: Academic Editor: Christophoros Foroulis
